ABSTRACT Development, survivorship, longevity, reproduction, and life table parameters of the glassy-winged sharpshooter, Homalodisca vitripennis (Germar), were examined in the laboratory using three host plants, sunßower (Helianthus annuus L.), Chrysanthemum morifolium L., and euonymus (Euonymus japonica Thurb.). Females deposited similar-sized egg masses on all three plants. Hatching was highest with eggs deposited on euonymus and lowest for those deposited on sunßower. Embryonic development time among host plants was similar while nymph development time was shortest on sunßower and longest on euonymus. Nymph survival to adulthood ranged from 32% on euonymus to 82% for those reared on sunßower. Adult females had similar life spans on sunßower and chrysanthemum. H. vitripennis completed a lengthy egg-to-adult development on euonymus, however, mating did not occur. The onset of mating was contingent on maturation of adult females. The majority of mating activity occurred within the Þrst three days after onset. Premating periods ranged from 6 to 7 d on sunßower to 27 d on chrysanthemum, with overall mating rates of 77.4 and 19.8%, respectively. Females typically mated more than once and they had the longest oviposition period and highest egg production on sunßower; Ϸ50 and 67% of total number of eggs were deposited within Þrst 45 d after the start of oviposition on sunßower and chrysanthemum, respectively. Adult size and weight related to which host plant was consumed throughout development. Greater intrinsic and Þnite rates of increase and net reproduction rate, and shorter population doubling time occurred when the sharpshooters were allowed to develop on sunßower. The overall developmental and reproductive parameters obtained in this study indicate that a mixed host plant system, composed of sunßower and euonymus or chrysanthemum plants, is an efÞcient means for optimizing egg production and colony maintenance of the glassy-winged sharpshooter.
in the Þeld in the early spring and also on the continued maintenance of parasitoid colonies. Brodbeck et al. (1999) used a glabrous isoline of soybean, Glycine max (L.) to maintain and rear a H. vitripennis colony. Sé tamou and Jones (2005) in Texas reported the biology and biometrics of H. vitripennis by solely using cowpea (Vigna unguiculata L. Walp.) as the preferred host for rearing and related experiments. However, the lifetime fecundity of females reared on cowpea was too low for the plant to be a principle host to mass-produce H. vitripennis eggs for a biocontrol program. Because H. vitripennis nymphs and adults apparently have different nutritional requirements (Andersen et al. 1992 , Brodbeck et al. 1995 , only few host plants were found to support complete development. Here, we report the development, reproduction, and mating patterns of the glassy-winged sharpshooter when reared on 3 different host plant species, sunßower (Helianthus annuus L.), an evergreen shrub (Euonymus japonica Thunb.), and chrysanthemum (Chrysanthemum morifolium L. va. "White Diamond"). Based on this information, age-speciÞc life tables were constructed to comprehensively assess host plant impact using laboratorygenerated growth parameters.
Materials and Methods
Glassy-Winged Sharpshooter Colony. The H. vitripennis colony used in this study was originally derived from colonies previously maintained at the USDA/ APHIS Plant Protection Laboratory (Edinburg, TX). Nymphs were reared in Plexiglas cages (40 ϫ 40 ϫ 60 cm) on sunßower (Helianthus annuus L.) plants in an environmental chamber (25ЊC, RH 60%, and 14L:10D photoperiod). Fresh plants were introduced each week during rearing of the nymphal stage. Upon adult emergence, 70 Ð100 adults were placed into tent-like cages (Bug Dorm-2, BioQuip Products, Taiwan) containing each of the following hosts: (1) sunßower (H. annuus); (2) an evergreen shrub (E. japonica Thunb.); and (3) chrysanthemum (Ch. morifolium L. va. "White Diamond"). Euonymus and chrysanthemum plants were propagated as cuttings in a greenhouse augmented with sodium-based lighting with a photoperiod of 16L:8D. These plants were originally obtained from Dr. David Morgan of CDFA PierceÕs Disease Program in Riverside, CA. The sunßower plants were propagated from seeds (va. SF 270) obtained from Mycogen Seeds, Breckenridge, MN. All plants were cultured in black plastic pots (11.5 cm diameter ϫ10 cm high) containing Sunshine Mix potting soil (Sun Gro Horticulture, Edmonton, AB, Canada). Plants were watered daily and fertilized weekly by using 5% liquid Sioux City, IA) . After 7Ð 8 generations of rearing the greenhouse colonies of glassy-winged sharpshooter in cages containing all three host plants, eggs were collected and were used as the source of insects for our tests.
Egg Survival and Development. Host plants (i.e., Ϸ3-mo-old euonymus, 2-mo-old chrysanthemum, and 3-wk-old sunßower seedlings) were used to collect H. vitripennis egg masses. The heights of these plants at these ages were Ϸ30, 20, and 40 cm for euonymus, chrysanthemum, and sunßower, respectively. Four pots of a single host plant species were placed into the tent-like cages and exposed for 1 d to 70Ð100 H. vitripennis ((:& ϭ 1:1) adults originally reared on a mixed host system. After removal of all adults, host plants bearing egg masses were separately placed into Plexiglas cages (40 ϫ 40 ϫ 60 cm) in environmental chambers (25ЊC, RH 60% and L14:D10). Because H. vitripennis females typically deposit eggs beneath the epidermis of plant leaves, it was difÞcult to record the number of newly deposited eggs. The egg masses were examined every day, with the number of new nymphs being recorded at each examination. Approximately 4 Ð5 d after hatching ceased, 30 egg masses were randomly chosen from each plant host species, examined under a stereomicroscope, and the number of nonhatching eggs was recorded.
Nymphal Development. After hatching, groups of 20 Þrst-instar H. vitripennis nymphs/tent cage were randomly collected from the plants with which they were initially caged, and transferred to Plexiglas cages (40 ϫ 40 ϫ 60 cm) using a glass tube (2.0 cm diameter ϫ 7.0 cm length). Cages were then placed into environmental chambers that were set at 25ЊC, RH 60%, and L14:D10. Each cage contained a single host plant species. Host plants were maintained as described above and replaced weekly. Cages were monitored daily until adults emerged. Newly emerged adults were removed from cages and the number of adults along with their corresponding emergence date was recorded according to host species on which they developed. Depending on host species, this experiment was repeated 6 Ð13 times.
After sex determination, 5Ð10 newly emerged females and males (Ͻ24 h old) from different host plants were weighed and the body length and head width of adult were determined using a stereomicroscope equipped with an image analysis system (Image ProPlus, Version 4.5 (Media Cybernetics, Inc., Bethesda, MD). Body length was measured along each insectÕs dorsal midline from the vertex of the head to the tip of the abdomen. The width across eyes was used as head width. This point also is the greatest width for the insectÕs whole body. Besides these parameters, nymph survival, development time, and weight of newly emerged adults were also recorded.
Adult Mating and Oviposition. To determine effects of female and male ages on mating occurrence, adults derived from nymphs reared on sunßower plants were categorized into two groups: 15-d-old and newly emerged (Ͻ1 d old) adults. Mating experiments were designed as follows: 15-d-old females ϫ newly emerged males, 15-d-old males ϫ newly emerged females, and newly emerged females ϫ newly emerged males. Twenty pairs of adults were used in each experiment. Test adults were placed in the tent-like cages containing only sunßower plants. Experiments were conducted in a greenhouse augmented by using sodium-based lighting at a photoperiod of 16L:8D. Adults were observed every 2 h from 8:00 a.m. to 22:00 p.m. If a pair of adults was found to be mating, they were gently removed from the tent and maintained on sunßower plants in a new tent-cage. The length of the premating period was recorded. This experiment was repeated 3 times.
Newly emerged adults derived from nymphs reared on sunßower, chrysanthemum, or euonymus plants were evaluated to determine if host plant impacts H. vitripennis reproductive biology. After mating, mated pairs were maintained on the same host plant species and observed daily until they died. The number of eggs was determined by examining dissected egg masses under a stereomicroscope. Preovipositional period length, adult longevity, and daily fecundity were recorded. This experiment was repeated 5Ð 8 times.
Female reproductive activity was monitored by examining the presence or absence of white spots on their forewings (Hix 2001) . The white spots are accumulations of brochosomes, which are produced by specialized cells in the Malpighian tubules, excreted from the anus, and then transferred to the wings following mating (Rakitov 1999 (Rakitov , 2002 . The accumulation of brochosomes are scattered over the egg mass each time the female oviposits. Thus, the number of times that the white spots were formed was recorded. The length of experiment started from the day of Þrst "spots" appeared and continued until the females died.
Statistical Analysis. Egg survival and development, nymph survival and development, and the number of egg masses on each plant were analyzed by using one-way ANOVA, where each species of host plant was considered as the Þxed effect. Head width, body length, and weight of newly emerged adults were analyzed by using two-way ANOVAs, where host plant species and gender were considered as Þxed effects. All statistical analyses were conducted by using different modules in SAS (SAS System for Windows V8, SAS Institute 1999). Total lifetime fecundity and longevity according to host plant were analyzed using Student t-test. Percent egg and nymph survival, size and weight of newly emerged adults, hatch of eggs deposited on different plants, and oviposition sites were log transformed before conducting ANOVA to normalize the data.
Eggs were collected daily to obtain the total number deposited over consecutive 15-d Demographic growth parameters were calculated by analyzing lxmx life tables that were constructed from the data derived by measuring developmental time from parental oviposition to adult progeny emergence, adult longevity, daily fecundity, and sex ratios of H. vitripennis reared on the different host plants The following parameters were estimated by using methods of Carey (1993) for the l x m x life table: (1) intrinsic rate of increase, r m ϭ (lnR 0 )/T; (2) net reproduction rate, R 0 ϭ Α l x m x ; (3) mean generation time, T c ϭ Α l x m x x)/Α(l x m x ); (4) Þnite rate of increase, ϭ exp(r m ); and (5) doubling time, T d ϭ ln(2)/r m (where l x is the proportion of individuals alive at age x, and m x is the number of female progeny produced per female during age interval x). Here, m x was modiÞed by mating rate and l x by mortality before the onset of oviposition.
The jackknife technique was used to estimate mean demographic parameters of l x m x of the life table and the standard errors (SE). This method was Þrst applied to life table analysis as proposed by Meyer et al. (1986) , and it has been widely used to estimate population growth rates of animals. Jackknife analysis removes one observation at a time from the original data set and recalculates the statistic of interest from the truncated data set. This method can estimate R 0 , T c , r m , , and T d , with their respective jackknife variances and conÞdence intervals. A Student t-test was used to perform pair-wise comparisons (two-tailed) (Maia et al. 2000) to determine if a particular host plant species had signiÞcant effects on H. vitripennis population growth statistics and to perform unpaired comparisons to determine whether host plant type inßuenced longevity or fecundity.
Results
Egg Hatch and Development. H. vitripennis maintained on the three host plants deposited similar numbers of eggs per egg mass on all the plants (F (2, 88) ϭ 1.24; P Ͼ 0.05). The mean number of eggs per egg mass was 13.8 Ϯ 1.2 (n ϭ 30), 11.5 Ϯ 1.0 (n ϭ 30), and 12.1 Ϯ 1.2 (n ϭ 30) on euonymus, chrysanthemum, and sunßower plants, respectively. However, the type of host plant on which eggs were deposited signiÞcantly inßuenced the subsequent survival (F (2, 88) ϭ 18.84; P Ͻ 0.0001) and development of this insect. The hatching rate of eggs deposited on sunßower (23.7 Ϯ 7.0%) was signiÞcantly (F (2, 88) ϭ 15.07; P Ͻ 0.0001) lower than that of eggs laid on euonymus (86.1 Ϯ 5.6%) and chrysanthemum (82.8 Ϯ 5.1%) plants. This reduction was apparently caused by desiccation of sunßower leaves while eggs were attached to plants. Nearly 70% of the sunßower leaves bearing the egg masses (data not shown) became wilted or died during the process of embryonic development and, consequently, most of these eggs did not hatch.
Embryonic development time from oviposition to hatching varied signiÞcantly (F (2, 86) ϭ 10.03; P Ͻ 0.001) with host plant. Development time on euonymus (8.3 Ϯ 0.2 d; n ϭ 38) was signiÞcantly shorter than that on chrysanthemum (9.0 Ϯ 0.1 d; n ϭ 26) and sunßower (9.4 Ϯ 0.1 d; n ϭ 24) plants.
Nymph Survival and Development. Survival of nymphs also varied signiÞcantly (F (2, 21) ϭ 39.08; P Ͻ 0.0001) with host plant (Fig. 1A) . The percentage of survival of nymphs feeding on sunßower (82.5 Ϯ 2.8%) or chrysanthemum (65.6 Ϯ 1.5%) was signiÞcantly greater than that on euonymus plants (32.3 Ϯ 4.8%). There was no signiÞcant difference (P ϭ 0.053) in survival when nymphs were reared on sunßower as opposed to chrysanthemum. Nymph development time from hatching to adult emergence varied (F (5, 45) ϭ 184.00; P Ͻ 0.0001) with host plant (Fig. 1B) . Overall development times were 87.4, 42.3, and 35.5 d for nymphs reared on euonymus, chrysanthemum, and sunßower plants, respectively. Nymphs feeding on sunßower developed signiÞcantly faster than on the other two plants. A two-way ANOVA revealed that nymph developmental time varied signiÞcantly with plant species (F (2, 45) ϭ 448.40; P Ͻ 0.0001) and sex (F (1, 45) ϭ 5.43; P ϭ 0.024) as well as plant species ϫ sex interaction (F (2, 45) ϭ 8.88; P ϭ 0.0006). Females developed faster (F (2, 23) ϭ 184.22; P Ͻ 0.0001) when reared on sunßower and chrysanthemum than on euonymus. Males reared on chrysanthemum plants also developed signiÞcantly (F (2, 22) ϭ 448.14; P Ͻ 0.0001) slower than on sunßower plants, but faster than on euonymus plants.
Weight, Length, Head Width, and Sex Ratio. As shown in Fig. 2A , weight of adults at emergence was signiÞcantly different between the sexes (F (1, 42) ϭ 41.66; P Ͻ 0.0001) and according to host plant on which the nymphs fed throughout their development (F (2, 42) ϭ 7.44; P ϭ 0.0017). Average weight of female adults derived from nymphs that fed on euonymus was 29.2 and 28.4% less than those that developed from sunßower-or chrysanthemum-reared nymphs, respectively. However, host plant type did not affect the weight of male adults at emergence, and there was no signiÞcant effect of plant species versus gender on weight (F (2, 42) ϭ 2.55; P ϭ 0.090).
Head width of adults at emergence signiÞcantly varied with host plant (F (2, 42) ϭ 17.97; P Ͻ 0.0001) and the sex of the insect (F (1, 42) ϭ 16.08; P ϭ 0.0002). Males reared on euonymus plants had a signiÞcantly narrower heads (Fig. 2B ). There was no signiÞcant effect of plant species versus gender on head width (F (2, 42) ϭ 0.23; P ϭ 0.796).
Body length of adults at emergence was signiÞcantly inßuenced by host plant (F (2, 42) ϭ 15.06; P Ͻ 0.0001) and the sex of (F (1, 42) ϭ 37.52; P Ͻ 0.0001) the insect. Adult females that developed from nymphs reared on sunßower or chrysanthemum were 18.1 and 17.1% longer than those fed euonymus, respectively, and males were 11.3 and 9.2% longer than the later (Fig. 2C ). There was no signiÞcant effect of plant species versus gender on body length (F (2, 42) ϭ 0.84; P ϭ 0.4402).
Host plant type had no signiÞcant effect (F (2, 12) ϭ 3.18; P ϭ 0.0778) on the sex ratio of adults at emergence. The sex ratio (&:() of adults at emergence was 0.70 Ϯ 0.14, 1.01 Ϯ 0.10, and 1.02 Ϯ 0.18 when nymphs fed on sunßower, chrysanthemum, and euonymus plants, respectively, throughout development.
Mating Pattern and Rate. Mating occurred on the third day after 15-d-old females and newly emerged (Ͻ1-d-old) males were caged together with sunßower plants. However, mating started on the seventh day when 15-d-old males were caged with newly emerged (Ͻ1-d-old) females under the same conditions. Newly emerged females and males began to mate on the sixth day after eclosion, and mating activity lasted for 10 d ( Fig. 3) . Percentage mating by glassy-winged sharpshooter pairs was 77.4 Ϯ 7.7%; Ϸ67% of mating activity occurred between the sixth and eighth day, and 27.5% on the ninth through the 11th day after eclosion. The one-way ANOVA revealed that the percentage of mating activity varied signiÞcantly with the number of days after eclosion (F (9, 20) ϭ 6.95; P ϭ 0.0002).
Mating onset occurred on the 27th day after pairing the newly emerged adults collected from a chrysanthemum-reared colony, and the percentage of those mating was 19.8 Ϯ 1.8%. Because no mating occurred within 60 d after pairing newly emerged adults collected from the euonymus-reared colony, and Ϸ90% adults died within that period of time, the oviposition test for these groups was excluded from this study.
Fecundity and Longevity. The longevity of female adults was similar when they were reared on sunßower or chrysanthemum plants (Table 1) . While caged, a pair of adults mated more than one time and the type of host plant did not signiÞcantly affect mating frequency. Host plant signiÞcantly inßuenced the frequency that gravid females repeatedly placed new brochosomes on their forewings during oviposition periods. Females reared as nymphs on sunßower produced new brochosomes 61% more frequently than those that developed as nymphs on chrysanthemum.
Host plant type signiÞcantly affected the pre-, post-, and oviposition periods (Table 1 ; Fig. 4 ). Oviposition occurred 2.8 Ϯ 0.3 d (n ϭ 6) after mating on sunßower plants, and 3.4 Ϯ 0.2 d (n ϭ 7) on chrysanthemum. Preand postoviposition periods of females reared on chrysanthemum plants were 230.4 and 130.0% longer than those on sunßower plants, whereas the oviposition period for H. vitripennis reared on chrysanthemum plants was 64% shorter that for insects reared on sunßower.
Lifetime fecundity of H. vitripennis varied signiÞcantly with host plant (Table 1 ). The number of eggs deposited on sunßower plants was 62.5% higher than that on chrysanthemum plants. After the onset of oviposition, fecundity decreased at daily rate of 0.138 Ϯ 0.017 on chrysanthemum plants (Y ϭ Ϫ0.138 X ϩ 13.702; F ϭ 134.726; df ϭ 1,89; adjusted R 2 ϭ 0.601; P Ͻ 0.0001), whereas on sunßower plants, it decreased at daily rate of 0.091 Ϯ 0.006 (Y ϭ Ϫ0.0091 X ϩ 14.001; F ϭ 264.147; df ϭ 1,89; adjusted R 2 ϭ 0.643; P Ͻ 0.0001) (Fig. 5) . Egg production (mean number of eggs per 15-d interval) of H. vitripennis signiÞcantly varied with host plant (F ϭ 9.27; df ϭ 1,85; P ϭ 0.0031) and number of days after onset of oviposition (F ϭ 15.71; df ϭ 9,85; P Ͻ 0.0001). On sunßower and chrysanthemum plants, egg production remained similar during the Þrst 45 d after oviposition began (Fig. 6) . During this period, females deposited 50 and 67% of their lifetime egg production on sunßower and chrysanthemum plants, respectively. Approximately 33% of lifetime egg production occurred during the second 45-d period on both plants, and 15.3% of eggs were deposited during the third 45-d period on sunßower. Means (ϮSE) followed by asterisks were signiÞcantly different at ␣ ϭ 0.05 according to the Student t-test used to perform unpaired comparisons.
Fig. 4. Daily age speciÞc survival (Ð) and fecundity (Ð) of H. vitripennis adult females reared on chrysanthemum (A) or sunßower plants (B).
When H. vitripennis were reared on sunßower plants, egg production decreased signiÞcantly (F ϭ 7.87; df ϭ 9,50; P Ͻ 0.0001) after the onset of oviposition for the 45Ð60-d interval ( On chrysanthemum plants, a signiÞcant (F ϭ 15.73; df ϭ 6,35; P Ͻ 0.0001) decrease in H. vitripennis egg production occurred within the Þfth (60 Ð75-d) interval after the onset of oviposition. Egg production also decreased by 49, 87, and 98% during the Þfth (60 Ð75-d), sixth (75-90-d), and seventh (90 Ð105-d) intervals after ovipostion onset, respectively, when compared with production during the Þrst interval.
Demographic Growth Parameters. Partial life tables were constructed for the number of H. vitripennis females entering each age class, and mortality rates were determined (Table 1 ; Fig. 4 ). SigniÞcant differences were detected among the demographic parameter estimates generated from the l x m x data for laboratory H. vitripennis populations reared on sunßower and chrysanthemum plants. The intrinsic rate of increase (r m ), net reproductive rate (R 0 ), mean generation time (T c ), population doubling time (T d ), and inÞnite rate of increase () were estimated by an analysis of l x m x life table data on both host plants (Table 2 ). Host plants signiÞcantly affected the intrinsic rate of increase (r m ), population doubling time (T d ), and inÞnite rate of increase (). Net reproductive rate (R 0 ) and intrinsic rate of increase (r m ) were 62 and 17% higher, respectively, for females reared and allowed to oviposit on sunßower plants than those on chrysanthemum plants. Population doubling time (T d ) on sunßower plants was 15% shorter than that on chrysanthemum, and mean generation time (T c ) was 5 d less when using sunßower.
Discussion
Results of this study demonstrate the major effects that different host plants can have on the development, survival, reproductive biology, and life table parameters of H. vitripennis. Among the 3 host plants, only sunßower and chrysanthemum plants allowed completion of the life cycle by this insect. This indicates that these 2 plants can be used as suitable host plants to maintain a healthy laboratory population of H. vitripennis. Although euonymus plants supported egg and nymph development, they did not support adult maturation. This result is in accord with previous studies conducted by Andersen et al. (1992) and Brodbeck et al. (1996) who reported that only a few host plants supported the complete development, thus suggesting that H. vitripennis nymphs and adults have different nutritional requirements. Soybean, Glycine max (L.) Merrill (Brodbeck et al. 1999 ) and cowpea, Vigna unguiculata L. Walp (Sé tamou and Jones, 2005) were reported to be suitable as host plants to support H. vitripennis development and reproduction. Our Þndings showed that sunßower and chrysanthemum plants provide sufÞcient nutritional value to support nymph development and adult reproduction. However, our results also show that sunßower-reared nymphs have a shorter development time and higher survival, and that female adults have a greater mating rate and fecundity as compared with chrysanthemumreared nymphs and adults.
Sé tamou and Jones (2005) reported that 36% of H. vitripennis reared on cowpea developed from Þrst-instars to adults. In this study, Ϸ32% of nymphs completed development when reared on euonymus while Means followed by asterisks are signiÞcantly different at P ϭ 0.05 according to the Student t-test used to perform pair-wise comparisons (two-tailed) of parameter estimates (Maia et al. 2000) .
sunßower and chrysanthemum allowed 83 and 66% of individuals to successfully complete development, respectively. Brodbeck et al. (1996) reported lower a consumption rate for this leafhopper when it was reared on Euonymus japonica va. "Golden Euonymus." This cultivar apparently had a decreased concentration of required nutrients and, hence, resulted in decreased survivorship and greatly reduced body weight in H. vitripennis. Coudron et al. (2007) reported that a lower pH (5.0Ϫ6.0) of ßuid in the xylem of cowpea and sunßower was optimal for cysteine proteinase in the midgut and caseinolytic activity in the salivary gland of H. vitripennis. These enzymatic changes are linked to the feeding and digestive ability of glassy-winged sharpshooter, and likely affect glassy-winged sharpshooter development and performance on different plant hosts. Brodbeck et al. (1999) maintained that a more balanced nutrient proÞle resulted in almost 90% survival to adulthood in leafhoppers reared on a glabrous isoline of soybean. This suggests that sunßower provides a similar balanced nutrient proÞle required for nymph development in H. vitripennis. However, the high mortality caused by leaf desiccation during embryonic development severely limits the suitability of sunßower as an ovipositional host plant.
Weight, body length, and head width of adult H. vitripennis at emergence differed according to gender and host plant on which nymphs were reared. When, adult Weight of H. vitripennis newly eclosed adults reared on sunßower, chrysanthemum, and euonymus plants was greater than that of those reared on different genotypes of soybean (3Ð9 mg) (Brodbeck et al. 2004 ) and of Þeld-collected females (12Ð25 mg) (Andersen et al. 1989 ). However, adult female weight was lighter and body length of both sexes was shorter when reared on euonymus plants. These results are consistent with those of Brodbeck et al. (1996) who observed that adults feeding on Euonymus japonica (variety "Golden Euonymus") were abnormally small and had a lower nitrogen concentration in their carcasses. Weight and body length of H. vitripennis adult females in our study reared on sunßower and chrysanthemum was larger than that of males, but head width was similar among sexes. This result is consistent with the Þndings of Sé tamou and Jones (2005) who measured body length and head capsule size of H. vitirpennis reared on cowpea in comparison with those collected from the Þeld. Our results suggest that body size of newly eclosed adult females is not a good predictor of the potential fecundity of H. vitripennis because females reared on sunßower and chrysanthemum plants had the same size bodies at emergence, but their lifetime fecundity was signiÞcantly different. Hix (2001) reported that H. vitripennis females mated once during a 4-to 14-d posteclosion period, whereas the males mated multiple times. Caged H. vitripennis females in our study mated multiple times on sunßower and chrysanthemum plants, and the frequency of mating was similar with these hosts. However, the possibility of males and females encountering each other in our study was increased because pairs were caged together in a small space. Hummel (2006b) suggested that the majority of H. vitripennis females may mate only once under Þeld conditions. The onset of mating in our study conÞrms that mating is dependent on the slower maturation of females as compared with males. Females need at least 6 Ð7 d to mature while males are ready to mate on the third day after emergence when reared on sunßower. Our results are consistent with those of Powers (1973) who found that female H. lacerta began development of eggs 3 d posteclosion and started mating 6 d posteclosion. Hummel (2006a) pointed out that mating may be coincident with mass emergences of previtellogenic adults. In our study, the mating pattern of H. vitripennis adults reared on sunßower plants showed that two-thirds of all mating occurred during the Þrst 3 d after the onset of mating and it lasted for 10 d.
Our study clearly demonstrates that host plant type affects the length of the premating period (eclosion to mating) and the incidence of mating. Adult females of H. vitripennis reared on chrysanthemum took about 3 times longer to begin mating than those reared on sunßower. In addition, the mating rate on chrysanthemum was much lower than those fed sunßower. Adults reared solely on euonymus had a high (90%) mortality rate and demonstrated no mating within 60 d after emergence. On sunßower plants, no mortality occurred before mating onset, and the percentage of females mating approached 77%. Sé tamou and Jones (2005) reported that 88% of H. vitripennis females mated when reared on cowpea with no mortality occurring until 20 d after adult emergence. These results indicate that H. vitripennis females continue to need speciÞc nutrients to support maturation after eclosion.
This study also demonstrates that the length of the preoviposition, oviposition, and postoviposition time periods of H. vitripennis females are directly dependent on a suitable posteclosion host plant. When females are maintained on sunßower, they have a similar preoviposition period as those fed on cowpea (9.4 d) (Sétamou and Jones 2005) . Thus, there appears to be a 2-d difference in the length of preoviposition period between H. vitripennis and most other Cicadellidae that have been reported to begin egg production Ϸ7 d after eclosion (Raine 1960 , Tonks 1960 , Stoner and Gustin 1967 , Nielson 1968 , Nielson and Toles 1968 . When adult females were maintained on chrysanthemum, the preoviposition period was signiÞcantly prolonged. However, because mated females started to oviposit after they had fed on chrysanthemum or sunßower plants for only Ϸ3 d, the preoviposition period appears to be dependent upon length of the premating period. The longer oviposition period for H. vitripennis females feeding on sunßower (119 d) and chrysanthemum (101 d) when compared with that on cowpea (37.3 d) (Sé tamou and Jones 2005) is likely accounted for by the greater longevity of mated females in our study. Hix (2001) suggested that the availability of suitable host plants for adult feeding might determine female longevity and thus, their reproductive potential. This suggests that sunßower and chrysanthemum plants are suitable hosts for adult feeding. It is un-known whether the difference in postoviposition period of this leafhopper between sunßower and chrysanthemum is determined by the length of the oviposition period.
Sex ratio did not vary signiÞcantly with host plant in this study. This indicates that maternally-inßuenced sex ratio distortion or mortality of either sex during egg and nymphal development are independent of the host plant species we used. A 1:1 sex ratio also was found in the cowpea-reared H. vitripennis colony of Sé tamou and Jones (2005) and also in Þeld populations collected from grapes (M. Sé tamou, unpublished data). However, Brodbeck et al. (2004) found that the sex ratios of H. vitripennis was affected by host plant type when they reared the insect on 4 genotypes of soybean, Glycine max (L.) Merrill. This was attributed to more males than females surviving after feeding as nymphs on a poor host. Based on the time required for development and body size of the adults at emergence, sunßower was the most suitable host plant for nymph feeding in our study.
The reproductive activity of Þeld populations of H. vitripennis can be assessed by monitoring the presence of "white spots" (brochosomes) on the forewings of adult females (Hix 2001) . Vitellogenic females place brochosomes on their forewings just before the onset of oviposition (Hix 2001 , Rakitov 2002 and scatter them over the newly oviposited egg mass (R. Ruud, unpublished data). In our cage study, gravid females repeatedly produced "white spots" throughout the oviposition period. However, the frequency of brochosome production varied with host plant. One white spot was used to cover clusters of 3Ð 6 eggs. During the Þrst 45 d, a new white spot was produced every 2 d on sunßower and chrysanthemum. Subsequently, the time interval between white spot applications became longer with increasing age. Some of the older females took Ͼ10 d to form new white spots. The overall average time interval for formation of successive spots by in this study was 5.2 and 7.7 d for H. vitripennis on sunßower and chrysanthemum, respectively. The variability in the frequency of brochosome production is most likely linked to egg production in H. vitripennis. Daily fecundity decreased with increasing age. The majority of eggs were produced within the Þrst 45 d on both plants, whereas only 17 and 0.3% of the total egg production occurred on sunßower and chrysanthemum plants, respectively, in older (i.e., Ͼ90-d-old) females. This indicates that timely replacement of an old colony by young adults in insectaries is a critical to achieving a stable and sustainable H. vitripennis egg host production system for mass-rearing of its parasitoids, and has implications for optimizing biological control programs for managing other pests.
Life table analysis showed that sunßower and chrysanthemum can serve as suitable host plants for adult colony maintenance and reproduction of H. vitripennis. When compared with demographic growth parameters of H. vitripennis reared on cowpea (Sé tamou and Jones 2005), the intrinsic rate of increase (r m ) of this leafhopper on these two plants is higher, population doubling time (T d ) is slightly less, and net reproductive rate (R 0 ) is much higher. This may be caused by the lower fecundity and shorter lifespan obtained with cowpea as the host. However, in this study, adult feeding and oviposition, as well as nymph dispersal, took place on single plant host type. This may cause a decline in growth parameters of this leafhopper. Brodbeck et al. (2007) reported that there was a weak linkage between H. vitripennis adult feeding preference and nymph performance. The ability to disperse allows nymphs to seek a suitable host plant for maximum survivorship and development (Tipping et al. 2004) . In fact, when euonymus and sunßower plants were placed together in a cage, gravid females deposited Ͼ95% of their eggs on euonymus, despite almost all adults having fed on sunßower during daytime hours. Further, after hatching, the majority of second instar nymphs moved back to sunßower to complete their development (W. Chen, unpublished data). If euonymus is provided as a host for H. vitripennis oviposition, and sunßower is used as a host for feeding by nymphs and adults, the net reproductive rate (R 0 ), intrinsic rate of increase (r m ), and inÞnite rate of increase () will be signiÞcantly increased by 256, 28, and 1.5%, respectively, and population doubling time (T d ) will be shortened by 22%.
Since 2003, we have developed a three-step protocol to maintain and mass-rear H. vitripennis. The protocol includes the use of euonymus as a host for collection and storage of H. vitripennis eggs, sunßower as a host for nymph feeding and development, and a mixed host plant system including sunßower, chrysanthemum, and euonymus plants to meet the diverse nutritional requirements for adult feeding, mating, and oviposition. By using these techniques, we have successfully obtained a year-round supply of H. vitripennis eggs for mass-production of egg parasitoids and research projects operated by other scientists in the U.S. Therefore, we recommend that a mixed host plant system, instead a single host, be used for an efÞcient means to rear this xylophagous leafhopper.
